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INTRODUCTION 
Steroids are widely distributed in nature and play an 
important role in the vital activity of living organisms. 
They constitute a family of substances critically important 
to plant and animal life. Steroids include the adrenal 
cortical hormones, the sex hormones, some of the vitamins, 
plant and animal sterols. This array of substances, though 
so alike chemically that it is often difficult to tell them 
apart, exhibit a prodigious range of diffirent activities. 
In recent past, the chemistry of steroids has pirovided 
one of the most interesting research areas for organic 
chemists. The first phase of steroidal research was mainly 
concerned with the isolation of steroids from natural sources. 
Their structxire elucidation and biochemical studies. Steroidal 
alkaloids areendowed with pronounced and specific biological 
activities. This prompted the organic chemists to undertake 
synthetic modifications of natural steroids to enhance selec-
tively certain parameters of their biological activity. 
Syntheses of new steroidal analogues and their pharmacolo-
gical testing have now become a major preoccupation with 
organic chemists and continue to fascinate them the world over. 
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Our laboratory concerned mainly with the syntheses of 
steroidal compounds and their identification has reported 
the preparation of a number of hetero steroids. Epoxide ring 
openings have been reported at large in the recent past. Since 
the epoxide ring is a very sensitive ring and opens generally 
tinder mild conditions when it comes in contact with acids or 
bases. Its opening with acids is called cationic epoxide 
cleavage, while with bases such as pyridine, it is referred 
to as anionic epoxide cleavage. 
Epoxide ring opening followed by rearrangements have been 
reported in a large in the recent past. Because of the simp-
licity in carrying out the reaction at ambient temperature 
and the novelty of products obtained BP^iEtpO dragged the 
attention to a large extent. Among the various rearrangements, 
the cationic rearrangements of steroids and terpenoids which 
proceeds with multicentre shifts of alkyl groups and hydrogen 
atoms are of more interest depending on the nature of either 
complete or partial shifts. The products are known as 'backbone 
rearranged" products or "Westphalen" product. 
It is a reaction of perbenzoic acid with various 5,6-
steroidal oelfins that gives steroidal 5,6-epoxide the comT)Ound 
we have endeavoured to start our work with. It is novelty of 
products that prompted us to work upon steroidal 5,6-epoxides 
and engaged us in a dual exercise of anionic and cationic 
rearrangements. This part in brief accoiints for some reactions 
of BP,:Bt20 on such epoxides. 
RE ACTION OF STBROIDAli EPOXIDES 
THEORETICAL 
S . J . G o l l i n s r e p o r t e d t h a t p t t r i f i e d BF,:Bt20 r e a c t s wi th 
4 a , 5 - e p o x y - 5 a - c h o l e s t a n e - 3 - o n e ( I ) and 4 p , 5 - e p o x y - 5 p - c h o l e s t a n e -
3-one ( I I ) i n benzene gave t h e 4 -hyd roxycho le s t -4 - en -3 -one ( I I I ) 




Reflex 18^ h r s . 
BF3:Btherate 
Benzene 
23 h r s . 
( I l l ) 
(IV) 
(IV) 
Bashtham and Miles reported tha t pur i f ied BP^zBtgO r e a c t s 
with 4p,5-epoxy-5p-cholestane-3-one (V) in a c e t i c acid gave 







M. Shiota e t a l . reported t h a t the 3a-chloro-5,6p-epoxy-
5p~cholestane (VII) was t r ea ted with BF^rEtpO in benzene at 
room temperature fo r 4 minutes g ives compounds 3a-chloro-5a-







4 mints . ^^ * 
room temp. 
(VIII) (IX) 
A Bowers et a l . reported tha t BP^tEt^O r e a c t s with 
3p-acetoxy-5a,6-epoxy-5ct-cholestane (X), i n DMP at room tempe-




r . t . 4hrs . ^^^ 
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They also reported tha t epoxide (X) r e a c t s with BP^rEtgO 





r . t . 2hrsAc 
(X) 
They also reported tha t when epoxide (X) r e a c t s with 
BP^:Bt20 in D.M.S.O. or iPrOH at room temperature fo r 4 h r s . 






r . t . 4 h r s . AcO 
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15 
D.N. Ki rk e t a l . showed t h a t a c t i o n of BF~:Et20 on 
5a ,6a-epoxy-6pHi ie thy l t igogen in a c e t a t e (XIV) i n ben25ene l e a d s 
t o t h e foirmation of A-homo-B-nor-25D-spiros tan-4a-one ^XV). 
BF, :Et20 
Benzene ^cO 
r . t , 5 h r s . 
(XIV) (XV) 
L.H. Knox e t a l . showed t h a t a c t i o n of BP^tEtpO on 
epoxide (XVI) i n benzene l e a d s t o t h e fo rmat ion of compound 
6 p - f l u o r o - 1 7 a - e t h y n y l a n d r o s t a n e - 3 p , 5 a , 1 7 p - t r i o l (XVII) . 
BF^;Et20 
Benzene 25°C JJQ 
4 h r s . 
(XVI) (XVII) 
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J.A. Edwards et a l . reported tha t I6a-methyl-5a ,6a-
oxido-5a-pregnan-3p-ol-20~one-3-acetate (XVIII) r e a c t s with 
BF^iBtgO i n benzene gives compouhd 6p-f luoro- l6a-methyl-5a-





24 h r s r . t . AcO 
8 A. Bowers et a l . reported tha t BF^rEtpO r e a c t s with 







A. Bowers et al. reported that BF^tEtpO reacts with 
5a,6a-oxidopregnane-3p,17p-diol-20-one-17-acetate (XXII) in 





12 h r s r . t . 
HO I P 
(XXII) (XXIII) 
I . G . Guest e t a l . r e p o r t e d t h a t t he r e a c t i o n of 5 p -
me thy l -9a ,10 -epox ide (XXIV) wi th b o r o n t r i f l u o r i d e - e t h e r 


















They also reported tha t r eac t ion of BF^:Et20 with 
p-epoxide (XXVIII) i n benzene leads t o the formation of 




^ 8 % 7 
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D.N, Kirk and M.P. Hartshorn reported tha t reac t ion 
of boron t r i f l u o r i d e e ther complex with 3p-acetoxy-5a,6a-
epoxy-4,4-dimethylcholestane (XXXII) l eads to the formation 
of 5p-methyl-19-nor-9(10)-olefin (XXXIII) z^^*'^'^ o le f in 






(XXXIII) (XXXIV) (XXXV) 
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J.W. Blunt 6t al."^^ reported t h a t r eac t ion of BF,:Et20 
with 5-6a-epoxy-5a-cholestane (XXXVI) i n benssene leads t o 
the formation of 5p-cholestane-6-one (XXXVII), 6a-hydroxy ^^ ^^^ 
compound (XXXVIII), choles ta -3 ,5-d iene (XXXIX), 5-formyl-B-Hor-






13 K.E. R ichards e t a l . r e p o r t e d t h a t r e a c t i o n of bo ron -
t r i f l u o r i d e e t h e r complex wi th 3 a - a c e t o x y - 5 , 6 a - e p o x y - 5 a -
c h o l e s t a n e (XLII) i n benzene g i v e s t h e compounds 6 - f l uo ro -3a -
ace toxy -5a -hydroxycho le s t ane ( X L I I I ) , 3 a - a c e t o x y - c h o l e s t a n e -
















14 showed tha t ac t ion of BP~:EtoO on 
5 2 
J . ¥ . Blimt e t a l . ' 
5,6a-epoxy-6p-methyl-5a-cholestanes (XLVII) in benzene leads 








They a lso reported t h a t r eac t ion of BF^tBtpO with 3p-acetoxy-
5,6p-epoxy-6a-methyl-5p-cholestane (XLIX) in benzene l eads to the 
formation of 3p-acetoxy-5-fluoro-6p-hydroxy-6a-methyl-5a-cholestane 
(L), 3p-acetoxy-5-methyl-A-homo-B-Nor-5p-cholestane-4a-one (LI ) , 
and 3p-acetoxy-5-methyl-5a-cholestane-6-one ( L I I ) . 
BF^tEtpO 
Benzene 
2 min. AcO 
(LII) 
14 -
They a lso reported t h a t reac t ion of BF,:Et20 vdth 5,6p-
epoxy-6a-methyl-5p-cholest8eie (LI I I ) in benzene l eads to the 
formation of 6-methylcholesta-3,5-diene (LIV), 5-acetyl-B-nor 
5p-cholestane (LV) and 5-niethyl-5a-cholestane-6-one (LVI), 




15 J . ¥ . BlTint et a l . reported t h a t reac t ion of BP^tStgO 
with 3a-acetozy-4a,5--epoxy-5a-chole3tane (LVI) in benzene 
l eads the formation of 3a-acetoxy-5a-chole3tane-4-one (LVII) 









M.P. H o r t s h o m and D.N. Kirk r e p o r t e d t h a t t h e r e a c t i o n 
of 4p ,5p -epoxy-4a -me thy lcho le s t ane (LIX) wi th boron t r i f l u a r i d e 
e t h e r a t e complex i n benzene l e a d s t o the fo rmat ion of 5 -methy l -






(LIX) (LX) (LXI) 
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They a l s o r e p o r t e d t h a t t h e r e a c t i o n of 4a ,5a -epoxy-4p -
methylcholes taJ ie (LXII) vrith BP, :Et20 i n benzene l e a d s t o the 
fo rmat ion of 5-nie thyl -A-nor-B-homo-5p-choles tane-6-one (LXI l I ) 




17 J.N. Coxon et al. observed the formation of 5a-methyl-
c h o l e s t a n e - 3 , 4 - d i o n e (LXV), 5 p - a c e t y l - A - n o r - c h o l e s t a n e - 3 - o n e 
(LXVI) from 4 p , 5 - e p o x y - 4 a - m e t h y l - 5 p - o h o l e s t a n e - 3 - o n e (LXIV) 













They also observed the formation of 5a-acetyl-A-nor-
cholestan-3-one (LXVIII), 4-methylcholesta-4,6-dien-3-one 
(LXIX), 5-methyl-5p-cholestane-3,4-dlone (LXX) and enol ace ta te 
of 5-methyl-5p-cholestane-3,4-dione (LXXI) from 4a,5-epoxy-4p-





5.5 h r s . 
r . t . 
They also observed the formation of 3p-acetoxy-5a-fluQro-
4a-methylcholestane-4p-ol (LXXIII), 3p-acetoxy-4-methylcholesta-
3,5-diene (LXXIV), 3p-acetoxy-5a-methylcholestane-4-one (LXXV) 
and oompound (IXXVI) from 3p"-acetoxy-4p,5-epoxy-4a-methyl-5p-
cholestane (LXXII) in benzene by the t reatment of BP,:Bt20. 
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AcO 
•• ^ 6 
(LXXII) 
Benzene 
20 min. AcO" 
(LXXIII) (LXXIV) 
AcO 
- ^ s . 
OHO 
(LXXVI) 
They a l s o observed t h e fo rmat ion of 3 p - a c e t o x y - 5 - m e t h y l -
5 p - c h o l e s t a n e - 4 - o n e (LXJCVIII), 5p -ace toxy-5 -me thy l -A-nor -B-
hoino-5p-choles tane-6-one (LXXIX) and 3 p - a c e t o x y - 4 a - m e t h y l -
c h o l e s t a n e - 4 p , 5 a - d i o l (LXXX) from 3 p - a c e t o x y - 4 a , 5 - e p o x y - 4 p -








They a l s o obseinred t h e fo rma t ion of 3a -ace toxy-5a -me thy l 
choles tane-4- .one (LXXXII), 3 a - a c e t o x y - 4 a - m e t h y l - c h o l e 3 t - 5 - e n . 
4P-01 (LXXXIII) and (LXXXIV) from 3 a - a c e t o x y - 4 p , 5 - e p o x y - 4 a -












J .N . Coxon e t a l . ^ ^ r e p o r t e d t h a t t h e r e a c t i o n of BF^iBt^O 
wi th 3 p - a c e t o x y - 4 a , 5 - e p o x y - 5 a . c h o l e 3 t a n e (LXXX7) i n benzene 





" • < ) 
Benzene 




They a l s o r e p o r t e d t h a t some reac t ion , mix ture s t i r r e d a t 
i n t e r v a l s f o r 6 h r s l e a d s t o t h e format ion of 3 p - a c e t o x y - 5 p -






s t i r r e d 
6 h r s . 
AcO 
(LXXXVIO (LXXXVIII) 
They a l s o r e p o r t e d t h e r e a c t i o n of BF^xEtgO wi th 3 a - a c e t o x y -
4 p , 5 - e p o x y - 5 p - c h o l e s t a n e (LXXXIX) i n benzene l e a d s to the fo rmat ion 








They a l s o r e p o r t e d t h a t when 3p -ace toxy -4p ,5 -epoxy-5p -
c h o l e s t a n e (XCI) r e a c t s w i th BP^tBtpO i n henzene l e a d s t o 




min. 20°C j^ cO 
J .N. Coxon e t al."^^ observed t h e fo rma t ion of A-homo-B-
n o r - 5 p - p h e n y l c h o l e s t a n e - 4 a - o n e (XCIV) from 5a,6-epoxy-6p- . 





Benzene 20°G 10 S*ec, 
(XCIII) (XCIV) 
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They a l s o r e p o r t e d t h a t when same r e a c t i o n k e t p a t 20°C 




20^0 1 h r . 
(XGV) 
The fo rma t ion of t h e 6p -pheny l -5 -ke tone (XCV) from t h e 
A-homo-B-nor-4a-ketone (XCIV) may be r a t i o n a l i z e d as shown 
i n t h e Scheme-I. 
Scheme-I 
- 23 
20 J .U . Goxon e t a l . r e p o r t e d t h a t t h e r e a c t i o n of BP^tEt^O 
wi th 3 , 3 - e t h y l e n e d i o x y - 5 , 6 a - e p o x y - 5 a - G h o l e s t a n e (XCVI) i n 
benzene l e a d s t o the fo rma t ion o f f l u o r o h y d r i n (XCVII), 5a and 
5 p - 3 - k e t a l - 6 - k e t o n e (XCYIII)j ^^^"c8.lfin (XCIX) and e a t e r ( C ) . 
^8%7 
0* (XCVI) 
BP3:Et20 Benzene 1.5 min. 
(XCVII) (XCVIII) 
(XCIX) 
21 A. Bowers e t a l . have a l s o r e p o r t e d t h e i s o l a t i o n of 
a 3 - k e t a l - 6 p - f l t i a r o - 5 a - h y d r o x y compotind (CI) a s i n 60% y i e l d 
by t h e t r e a t m e n t of t h e 3 - k e t a l - 5 a t 6 a - e p o x i d e (XCVI) with 
24 -




( 1 : 1 ) 
( O i l ) 
22 l . J . Ames e t a l . have r e p o r t e d t h e i s o l a t i o n of 12p-
me thy l -12a -pheny l - ^'^'^^•'"•^^-diene (CIV), l l a - h y d r o x y - 1 2 p -
T •5(14) 
methy l -12a-phenyl ^ -^  o l e f i n (CV) and aldehyde (CVI) from 
3 p - a c e t o x y - l l a , 1 2 a - e p o x y - 1 2 p - p h e n y l t i g o g e n i n ( C I I I ) by t h e 
t r e a t m e n t of BF^-Et-0 i n benzene . 
^ 2 
AcO 







The rearrangement of t h e 1 2 p - p h e n y l - l l a , 1 2 a - e p o x i d e ( G U I ) 
i s n o t a b l e f o r the f a c t t h a t t h e i d e n t i f i e d p r o d u c t s a r i s e by-
m e c h a n i s t i c p a t h s i nvo lv ing i n i t i a l l y t h e m i g r a t i o n of t h e 13p-
methyl group to C,p to form carbonium i o n . Loss t h e 14a-H from 
carbonium ion g i v e s t h e hydroxy o l e f i n (CV) whi le a s e r i e s of 
h y d r i d e s h i f t s fo l lowed by Ej l o s s and dehydra t ion y i e l d s t h e 
d i ene (CIV) t h e u n s a t u r a t e d a ldehyde (CVI) a r i s e s by f r agmen ta t ion 
of carbonium i o n . I t i s shown i n Scheme-2. 
3cheme-2 
BP5O'. 




•> ( CIV) 
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B.N. Blacket t e t a l . reported the reac t ion of 5,6p-.epoxy-
5p-cholestane (CVII) with BF,:Bt20 in benzene leads t o the 
formation of choles ta-3 ,5-diene (GVIII), 5-formyl-B-nor-cholestane 




They also observed the formation of fluo.rohydrin (CXII) 
3 ,5-choles tadiene (CVIII), ^^''^'^ compound (OXI) by the same 




2i h r s . 
(CVII) 98^17 (CVIII) 
^ 6 ^ { CXI) 
They a l s o r e p o r t e d t h a t r e a c t i o n of 4p-5-epoxy-5p-
c h o l e s t a n e (CXIII) with BP, :Bt20 i n benzene l e a d s t o t h e 
fo rmat ion of c h o l e s t a - 3 , 5 - d i e n e (CVI I I ) , 5 a - c h o l e s t a n e - 4 -
one (CXIV), f l uo .:ohyd r i n (CX?), 4a-hydroxy- ^ ^ "^ ^ ^  compound 
(CXVI), 4^-hydroxy- ^ 5 ( 1 7 ) compound (CXVII), 4a-hydroxy-













They a l s o r e p o r t e d t h e r e a c t i o n of 4a ,5a -epoxy-5a -
c h o l e s t a n e (CXX) wi th BF,-Et20 i n benzene l e a d s t o t h e 
fo rma t ion of 5 p - c h o l e s t a n e - 4 - o n e (CXXI) and 4a-hydroxy- ^^^ ' 






D.N. Kirk e t a l . r e p o r t e d t h a t p u r i f i e d BF^:Bt20 r e a c t s 
w i th 3 p - a c e t o x y - 5 , 6 a - e p o x y - 5 a - c h o l e s t a i i e (GXXII), a t h igh 
c o n c e n t r a t i o n i n benssene t o g i v e s t h e \msymmetr ical d i s t e r o i d a l 
e t h e r (GXXII). They a l s o r e p o r t e d t h e fo rma t ion of t h e r e a r r a g n e d 
product (CXXV) when 3 , 3 - e t h y l e n e d i o x y - 5 , 6 p - e p o x y - 5 p - c h o l e s t a n e 














25 I . G . Guest and B.A. Marples r e p o r t e d t h a t t h e r e a c t i o n 
of 5 ,6a -epoxy-3p-hydroxy-5a -cho les t ane (CXXVI) wi th BP^tEt^O 
in benzene leads to the formation of fluorohydrin (CXXVII), 




They a l s o r e p o r t e d t h a t when 5 ,6p-epoxy-3p-hydroxy-5p-
c h o l e s t a n e (CXXXI) with BF, :Et20 i n benzene l e a d s t o t h e 
fo rmat ion ke tone (CXXVIII), ^^'^'^ compound (CXXXII) and 











They a l s o r e p o r t e d t h a t when 5 ,6a-epoxy-5p-methoxy-5a-
c h o l e s t a n e (CXXXTV) i s t r e a t e d wi th BP^iBtgO i n ben25ene l e a d s 
to the fo rmat ion of mixture of crude p r o d u c t s . Vlhen crude 
p r o d u c t s i s a c e t y l a t e d formed 3p-methoxy-5p-c i io les tane-6-one 
(GXXXV), 6 a - a c e t o x y - 3 p - m e t h o x y - 5 , 1 4 - d i m e t h y l - 1 8 , 1 9 - b i s n o r -
5 a , 8 a , 9 p , 1 0 a , 1 4 p - c h o l e s t - 1 3 ( 1 7 ) - e n e (CXXXVI), 6 a - a c e t o x y - 3 p -










J . Wicha^^ r e p o r t e d t h a t d i epox ide (CXXXIX) was t r e a t e d 
wi th B F , : B t , 0 i n benzene f o r 10 minutes a t ambient temperatxire 








27 The I t a l i a n coworkers L. C a t t e l e t a l . observed t h e 
format ion of 1 3 ( l 7 ) - b a c c l i a r e n - 5 p - o l (CZLII) from 5p,4p~epoxy-^ 






K. Tachibana e t a l . r e p o r t e d t h a t 3p ,4p-epoxy-sh ionane 
(CXLIII) was t r e a t e d wi th b o r o n - t r i f l u o x i d e e t h e r a t e i n e t h e r 
a t -30^0 t o g i v e d i h y d r o b a c c h a r i s oxide (CXLIV), D : C - f r i e d o -
b a c c h a r - 7 - e n - 3 p - o l (CXLV), 4 a - f l u o r o 3 h i o n a n - 3 p - o l (CXLVI), 
D : B - f r i e d o - b a c c h a - 5 - e n - 3 p - o l (CXLVIl) and I> :B-f r iedo-bacchar -
5 -10 -en -3p -o l (GXLVIII). 
..•C6H13 
(CXLIII) (CXLIV) (CXLT) 





Baccha r -12 -en -3p -o l (CXLIX) and D:C- f r i edo -baccha r -8~ 
en -3p -o l (CL) along wi th 5 - ene -5 (10 ) - ene and 7-ene were r e p o r t e d 
when 3p,4p-epoxyshionane r e a c t e d w i th b o r o n - t r i f l u a r i d e - e t h e r a t e 
i n benzene, t o l u e n e , cyclohexane o r i n hexane a t - 5 C o r a t 





J . Takahashi e t a l . r e p o r t e d t h a t r e a c t i o n of 3 P , 4 p -
e p o x y - f r i e d e l a n e (CLI) wi th boron t r i f l u o r i d e - e t h e r a t e i n 
- 35 -
e ther at -10' 'c l eads t o the formation of dendropanoxide (CLII), 
4a,flftar©friedelan-3p-ol (CLIII) , D:B-firedo-olean-5(10)-en-




(CLIV) F (CLIII) 
(CLVI) (CLV) 
- 36 -
Yamada e t a l . showed t h a t 3a ,4a-epoxy shionane (CLVII) 
upon t r e a t m e n t w i t h BP, :Bt20 r e a r r a n g e d i n t o h a c c h a r - i a - e n -




R . T . j jQ. . ' 
...CgHij 
( C I 7 I I I ) 
31 
The Japanese group r e p o r t e d t h a t t h e r e a c t i o n of 3a, 
4a - and 3p ,4p-epoxy-D:A-f r iedo-18p ,19aH- lupanes (GLIX) i n 
benzene , THE o r BtpO con t a in ing BF^rEtgO a t room tempera ture , 
t o g i v e migra ted lupane d e r i v a t i v e s , D:B-f r iedo-18p,19aH-











showed t h a t a c t i o n of BP^:BtpO on P . Sengupta e t a l . 
f r i e d e l a n - 3 a , 4 a - e p o x i d e (GLXIII) l e a d s t o t h e molecu la r 
rea r rangement with t h e opening of epoxide r i n g g i v i n g 1 8 - i s o -
A - n e o - o l e a n a - 3 ( 5 ) , 1 2 - d i e n e (CLXIV), o l e a n - 1 2 - e n - 3 a - o l (CIiXV), 










showed t h a t a c t i o n of BP^rBtpO on I, Berli et al. 
A'-neogaiamacer-17(2l)-en-oxide (GLXVIII) in chloroform leads 
to ^e formation of 28-nor-21a-methyl-12,17-diene (CLXIX) 
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I n t e r e s t i n t h e f i e l d of r e a c t i o n of s t e r o i d a l epoxides 
wi th boron t r i f l u o r i d e e t h e r a t e have been c r e a t e d because of 
t h e s i m p l i c i t y i n c a r r y i n g ou t t h e r e a c t i o n a t ambient tempe-
r a t u r e and t h e n o v e l t y of p r o d u c t s o b t a i n e d . Va r ious pape r s 
appeared d e s c r i b i n g t h e r e a c t i o n of s t e r o i d a l epoxides wi th 
boron t r i f l u o r i d e e t h e r a t e . 
The p r e s e n t work d e s c r i b e s t h e r e a c t i o n of s t e r o i d a l 
epoxides wi th boron t r i f l u o r i d e e t h e r a t e such a s 3 p - c h l o r o -
5 , 6 a - e p o x y - 5 a - c h o l e s t a n e ((3LXXI) and 3p -ace toxy -5 ,6a -epoxy-






Reac t ion of 3B-chlorO'-5«6a-epoxy-5a-ohole3tane (OLXXI) wi th 
boron t r i f l u o r i d e e t h e r a t e 
3 ^ - C h l o r o - 5 , 6 a - e p o x y - 5 a - c h o l e s t a n e (CLZXI) i n benzene was 
t r e a t e d wi th boron t r i f l u o r i d e e t h e r a t e a t room t e m p e r a t u r e . 
Af t e r t h e complet ion of the r e a c t i o n , t h e r e a c t i o n mix tu re was 
worked up« F r a c t i o n a t i o n by s i l i c a g e l column chromatography 













- 5\ ' 
Character iza t ion of the compoiind. nifP» 128-129°C as 3B-chloro-
3«-chole 3tan~6-one 
The compound (CLXXIII) m.p. 128-129^0 was analysed fo r 
Q^rjR.cGl.O (Pos i t i ve B e i l s t e i n t e s t ) was foiznd i d e n t i c a l i n 
(IE, ITMR, m.p.) with au then t ic sample of 5p-chloro-5a-cholestan-
6-one (reported-^^ m.p. 128°C). 
Charac ter iza t ion of t he compound, an o i l , a s 3p-Ghloro--5p«14p-
dlmethyl-6a~h.ydrox.y--18.19-bi3nor~10a-chole3t~13(17)-ene 
The o i l y compound (CLXXIV) was analysed for CpYH.nClO. 
The presence of chlor ine was assured hy the p o s i t i v e B e i l s t e i n 
t e s t . In i t s IR spectrum bands a t 3400 and 745 cm indica ted 
the presence of hydroxy and chloro funct ions . I t has been 
15 
repor ted by J.W. Blunt et a l . t h a t t he absence of n .m.r . 
s ignal below 0 .8 ppm suggested t h a t C/D ring system has been 
modified, probably by the presence of a t e t r a subs t i tu t ed double 
bond resu l t ing in the sh i f t of Cis-H'z resonance to the lower 
f i e l d . 
The absence of n.m.r. signal below 0.8 ppm in the compound 
(CLXXIV) suggested that the C/D ring system has been modified, 
probably by the presence of tetra substituted double bond 
resulting in the shift of the Oig-H^ resonance to lower field. 
- 55 -
The methine p r o t o n s a t Ggo iJ^ "the compoimd (CLXXIV) l o c a t e d a t 
6 2 .43 PPffl co r responding t o one p r o t o n m u l t i p l e t i^Lich was 
ev ident i n t h e spect rum. This va lue should be compared wi th t h e 
l o c a t i o n s f o r t h e 0-20 methine p r o t o n f o r ana logous ba<±bone 
11 15 
r e a r r a n g e system r e p o r t e d e a r l i e r * . These d a t a a r e c o n s i s t e n t 
1'5~17 
wi th t h e 1 8 - n o r - 1 4 p - m e t h y l - ^ s t r u c t u r e of t h e compound 
(CLXXIV). The n . m . r . spectrum e x h i b i t e d a broad m t i l t i p l e t 
e q u i v a l e n t t o one p ro ton a t 6 3 . 4 ppm (W -^ = 9Hz) was a s s igned 
t o e q u a t o r i a l C3-aH and a b2X)ad m u l t i p l e t a t 6.4.51(W-5- = SHz) was 
ass igned t o a x i a l 6p-H. The C5-p methyl p r o t o n s observed a t 
6 1.3 and G14-p methyl p r o t o n s observed a t 6 1 .15 , and o t h e r 
methyl s i g n a l s were obseirved a t 0 . 9 5 , 0 . 8 2 , 0 . 8 5 . These d a t a 
15 "55 / 
a r e c o n s i s t e n t ^ wi th t h e f a c t t h a t A/B r i n g j u n c t i o n have 
5 p , 1 0 a - c o n f i g u r a t i o n and compound (CLXXIV) was a s s igned as 
3 p - c h l o r o - 5 p , 1 4 p - d i m e t h y l - 6 a - h y d r o x y - 1 8 , 1 9 - b i s n o r ^ l 0 a - c h o l e s t -
1 3 ( 1 7 ) - e n e . 
C h a r a c t e r i z a t i o n of t h e compound an o i l a s 3B-ch loro-5B-methy l -
6 a - h y d r o x y - 1 9 - n o r - c h o l e 3 t - 9 ( 1 0 ) - e n e 
The o i l y compound (CLXXV) was ana lysed f o r C2YH.5CIO 
( p o s i t i v e B e i l e s t e i n t e s t ) . I n i t s IR spectrum bands a t 3400 
and 745 cm" i n d i c a t e d t h e p resence of hydroxy and ch lo ro 
f u n c t i o n s . The p re sence of n . m . r . s i g n a l below 6 0 . 8 ppm i n 
t h e compound (CLXXV) sugges ted t h a t t h e C/D r i n g system h a s been 
- 56 -
15 
not modified . The absence of n .m.r . s ignal at 6 2.40-2,45 ppm 
11 IS 
sixggested the absence of 0-20 methine protons ' . Thses da ta 
l"55_-i 7 discarded the 18-nor-14p-methyl- /v s t r uc tu r e of the compound 
(GLXXV). The n .m.r , spectrum exhibited a broad mul t ip le t 
equivalent t o one proton a t 6 3,36 ppm (W^^ = 8Hz) was assigned 
the equator ia l 03-aH, and a broad mul t ip le t equivalent one proton 
at 6 4.53 (W^ = 9Hz) was assigned to a x i a l C6-pH, These da ta are 
15 35 cons is tent ^^ with the fac t tha t A/B r ing jxmction i s c ig . The 
C5-P methyl protons observed a t 6 1,18 and C13-p methyl protons 
observed at 6 0 .78, o ther methyl s igna l s were observed at 6 0.96, 
0 .90. Prom the above d iscuss ion the s t ruc tu re of the compound 
(GLXXV) was suggested as 3p-chloro-5p-methyl-6a-hydroxy-19-nor-
chole s t-9(10)~ene. 
Character iza t ion of the compound. m,p, 118 Q as 3p-chloro-5-
hydroxy-6p-fluoro-5g-cholestane 
The compound (CLXXVI), m.p. 118°C was analysed for 
02YH,gFC10(positive B e i l e s t e i n t e s t ) . In i t s IR spectrum 
bands a t 3400 and 745 cm" indica ted the presence of hydroxy 
and halogens funct ions . The n.m.r . spectrum exhibi ted a broad 
mul t ip le t s ignal equivalent to one proton a t 6 3.83 (W^ = 17Hz) 
was assigned to ax i a l C3-aH and therefore A/B ring junct ion 
i s t r a n s . A mul t ip le t equivalent to one proton at 6 4,2 
(W^ = 4Hz) was assigned to equa tor ia l 6(<-protons. The methyl 
- 57 -
s i g n a l s were observed a t 1.01 (C ig - i i ^ ) , 0 .66 ( C i s - H , ) , 0 . 9 5 , 0 . 8 5 . 
From t h e above d i s c u s s i o n t h e compottad (CLXXVI) was c h a r a c -
t e r i z e d as 5 p - c h l o r o - 5 - h y d r o x y - 6 p - f l u o r o - 5 a - c h o l e s t a n e . 
Reac t ion of 3B~acetoxy-5.6a~epoxy--5a-3tifima3tane (GLXXIl) wi th 
boron t r i f l u o r i d e e t h e r a t e 
5p -Ace toxy-5 ,6a -epoxy-5a - s t igmas tane (CLXXIl) i n benzene 
was t r e a t e d wi th boron t r i f l u o r i d e e t h e r a t e a t room t e m p e r a t u r e 
Af te r t h e complet ion of t h e r e a c t i o n , t h e r e a c t i o n mix tu re was 
worked u p . F r a c t i o n a t i o n by s i l i c a g e l column chromatography 






Characterigsation of t he compound, m.p. 122 0 as 3B-acetoxy-5g-
3tigmagtane-6-one 
The compotuid (CLXXVII), m.p. 122*^0 was analysed for ^•KX^IJ2^3 
was fo\ind i d e n t i c a l i n (IR, NMR, m.p.) with au thent ic sample of 
3p-acetoxy-5a-gtigmastane-6-one. 
Charac ter iza t ion of the compound, an o i l as 3B~acetoxy-5B.14p~ 
dimethyl-6a--hydroxy-18.19-hi3nor-10a-3tigma3tane~13(l7)~ene 
The o i l y compound (CLXXVIII) was analysed for G^nHcpO.!. In 
i t s IR spectrum bands at 3400, 1730 and 1240 cm""^  indica ted the 
presence of hydroxy and ace t a t e funct ions . The absence of n .m.r . 
s ignal below 6 0.8 ppm in the compound (CLXXVIII) was suggested 
tha t the C/D ring system has been modified, probably by the presence 
of t e t r a subs t i tu ted double bond r e su l t i ng in the sh i f t of the 
15 CiQ-H-T resonance to the lower f i e l d . The me th ine protons a t 
C-20 in the compound (CLXXVIII) located at 6 2.45 ppm corresponding 
to one proton mixltiplet was evident in the spectrum. This 
value could be compared with the data ind ica t ing t he loca t ions 
for the C-20 methine proton for analogous backbone rearrange 
products reported e a r l i e r * '^. These data were consis tent with 
the 18-nor-14p-methyl- /T s t r uc tu r e of the compound(CLXXVIII). 
The n.m.r . spectrum exhibi ted a broad mii l t iplet equivalent to 
one proton at 6 5.06 (wi = 8Hz) was assigned to equatorisuL 
C3-aH and a mul t ip le t at 6 3.21 (W^ = 8Hz) was assigned t o ax ia l 
59 -
C6-pH. The C5-p methyl protons observed at 6 1.12, and G14-p 
methyl protons observed at 0 .93 . Other methyl s igna l s were 
observed at 6 0.86, 0 .82. These da ta were cons i s ten t the fac t 
t h a t A/B r ing junct ion have 5p,10a configurat ion '*'*'' compound 
(CLXXVIII) was assigned a s 3p-acetoxy-5p,14p~dimethyl-6a-hydroxy-
18,19-bisnor-10a--cholest-13(l7)-ene. 
Character iza t ion of the compound, m.p. 170°Q as 3p~acetox.y-'58~ 
methyl-'6a-h.YdroxY--19-nor-cholest-9( 10 )--ene 
The compOTind (CLXXIX), m.p. 170*^ was analysed for C!,-j_Hc203. 
In i t s l a spectrum bands at 3400, 1725. and 1240 an"* indicated 
the presence of hydroxy and ace ta t e f\inctions. The presence of 
n .m. r . s ignal below 6 0 .8 ppm in t h e compound (CLXXIX) suggested 
15 t h a t the C/D r ing system has not been modified . The absence of 
n .m.r . s ignal a t 6 2.40-2.45 ppm suggested the absence of C?0-
methine proton"^'^*"^^. These da t a discarded the 18-nor-14p-methyl 
^ 3 - 1 7 s t ruc tu re of the compound (CLXXIX) the n .m.r . spectrum 
exhibi ted a m\il t iplet equivalent t o one proton a t 6 5.01 ppm 
(V-J- = 8Hz) was assigned t o the equator ia l G3-aH, and a mul t ip le t 
equivalent to one proton a t 6 3.23 Ppm (W-y = 9Hz) was assigned 
to ax ia l C6-pH. These da ta were consis tent with the fac t t ha t 
A/B ring Junction i s c i s . The G5-p methyl proton observed at 
6 1,12 and 0^^-^ methyl protons observed it 6 0.78 o ther methyl 
signals observed at 6 0.92, 0.86, 0 .82. Prom the above discussion 
- 60 -
the s t ruc tu re of the compound (CIXXIX) was suggested as 3p-acetoxy-
5p-methyl-6a-hydroxy-19-nor-cholest-9(lO)-ene. 
Character iza t ion of t h e compound an o i l a s 3p-acetoxy-5-liydroxy-
6p-fluoro~5a-stigmastane 
The compound (OLXXX) was analysed for C -^j_Hc^ FO, (pos i t i ve 
Bel ies t ia i t e s t ) . In i t s IE spectrum bands a t 3400, 1740, 1240 
and 740 cm" indicated the presence of hydroxy, acetoxy and 
halogen funct ions . The n .m.r . spectrum exhibi ted a broad mul t ip le t 
s ignal equivalent to one proton a t 6 5.1 (W-^  = 17Hzi) was assigned 
to axisil G3-aH and therefore A/B ring jtinction i s t r ang . A 
mti l t ip le t equivalent to one proton at 6 4.2 (W-j = 4H2;) was assigned 
to equator ia l 6f!C-proton. The methyl s igna l s were observed a t 
0 .83 , 0 .73 , 0 .63 , 0 .93 . 
From the above d i scuss ion the compound (CLXXX) was charac-
t e r i z e d as 3p-acetoxy-5-hyd2X)xy-6p-fluoro-5a--cholestane. 
Formation of t h e above products from the epoxides (CLXXI), 
(CLXXII) by the reac t ion of BF,:Bt20 may be explained by the 
following t e n t a t i v e mechanism (Scheme-3). 
Scheme-3 
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R = G l , OAc 
'^= ^A?' 1^0^ 21 
0-BP. 
E-MV 
H - S o l . 
^ 
R = CI , OAc 
R' = CgH3_^,C-LQH2i 
H - S o l . 
O-BF. 
OH 
R = 0 1 , OAc 




R = 0 1 , OAc 
R' = C Q H ^ ^ , GJ_QR^2. 
H - S o l , 
EXPERIMENTAL 
All melting po in t s were observed on a Kofler apparatus 
and were uncorrected. Infrared spec t ra were determined with 
a Perkin-Blmer 237 spectrophotometer in nu jo l . IR values a r e 
given in cm . Nuclear magnetic resonance spec t ra were run in 
CDGl, on a Varian A60-D instrument with Me.Si as the i n t e r n a l 
standard and i t s values are given in ppm (6) ( s , s i ng l e t ; b r , 
broad and mc, m\xltiplet centred a t ) . Thin l aye r chromatographic 
(TLC) p l a t e s were coated with s i l i c a gel and sprayed with 20*/. 
aqueous so lu t ion of perch lor ic acid . S i l i c a g e l (>--»20 g) was 
used for each gram of the mater ia l to be separated in column 
chromatography. Petroleum ether r e f e r s t o a f r ac t ion of b . p . 
60-80°C. Sodium sulphate (anhydrous) was used as the drying 
agent . 
3B -Qhlorochole3t--5-ene 
Freshly pur i f ied th ionyl chloride (19 ml) was added to 
cho les te ro l (25 gm) at room temperature. A vigorous reac t ion 
ensued with the evolution of gaseous products . When the reac t ion 
slackened the mixture was gen t ly heated at a temperature of 50-60 
on a water bath for one hour and then poured on to crushed i c e -
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water with s t i r r i n g . The yellow sol id thus obtained was f i l t e r e d 
under suct ion and washed several t imes with i c e cooled water and 
a i r dr ied . Hec rys t a l l i za t ion of crude product from acetone gave 
3p-chlorocholest-5-ene (21.5 gm) m.p. 95-96°C (repor ted m.p. 
96-97°). I t gave pos i t ive B e i l s t e i n t e s t . 
33-0hloro-5.6a-epoxy-5a-chole3tane (QLXXI) 
Cholesteryl chloride (11 gm) in chloroform (100 ml) was 
t r ea t ed with a so lu t ion of perbenzoic acid ( 1 . 1 mole equivalent) 
i n chloroform and l e f t at-8°G for 20 h r s . The mixture was then 
washed with ice-co ld sodium bicarbonate solut ion (5/«), sodium thio-
sulphate solutionis*/*) and water. Evaporation of the solvent 
yielded (CLXXI) an o i l which was r e c r y s t a l l i z e d from acetone as 
needles (8 .1 gm), m.p. 89° (reported^ m.p. 89 .5-90 .5°) . 
3p-Acetoxy-3tigma3tan-5-ene 
A mixture of s t igmasterol (50 gm), pyridine (75 ml) and 
a c e t i c anhydride (50 ml) was heated on water bath fo r two hours . 
The re su l t ing brown solut ion was poured on to crushed ice-water 
mixture with s t i r r i n g . A l i g h t brown so l id thus obtained was 
f i l t e r e d under suct ion, washed with water and a i r d r i ed . The 
cinide product on c r y s t a l l i z a t i o n from acetone yielded pure 
3p-acetoxy-stigma3tan-5-ene (45 gm), m.p. 120°C. 
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3B--Acetoxy-5 ^ 6a-epoxy~5a-3tigma3tane (GLXXII) 
3p-Acetoxystigmast-5-ene (10 gm) in chloroform (35 ml) was 
t r e a t e d with perbenzoic acid ( l . l mole equivalent) and l e f t a t 
-8°G for 24 h r s . . The mixtxire was then washed with i ce -co ld sodixim 
bicarbonate so lu t ion (5/») sodi-um th iosu lpha te so lu t ion (5/i) and 
water. I t was dr ied over anhydrous sodium sulphate . Removal of 
the solvent gave so l id (GLXXII) which was r e c r y s t a l i i z e d from 
acetone (7 gm), m.p. 110°C. 
Analysis Pound : G, 78.74; H, 11.09*/. 
^31^52^3 requ i res : 0, 78.7; H, 11.0% 
^Xo-) 
0'^ 
I .H. : ^ max. 1260(-q—p~) , -1730, 1240(CH -
N.M.R.: 6 5.01 br,m(G3-aH; W^  = 15Hz), 3.43 m( a6-pH; Wi=9Hz), 1.2, 
1,16, 0 .9 , 0.78 and 0.65 (o the r methyl p ro tons ) . 
Reaction of 3p-chloro--5.6a-e:poxy-5a-cholestane (GLXXI) with boron 
t r i f l u o r i d e e thera te 
3p-Chloro-5,6a-epoxy-5a-cholestane (GLXXI) (4 gm) in benzene 
(280 ml) was t r e a t e d with BF^:Bt20 (4 ml) and kept a t 20°G for 
7 minute a t room temperature. The so lu t ion was poured in to NaHGO^  
so lu t ion and the mixture was d i l u t e with e ther and shaken. The 
e therea l so lu t ion was dr ied over anhydrous sodium sii lphate. 
Evaporation of the solvent gave an o i l which was chromatographed 
over s i l i c a g e l (80 gm). Blution with l i g h t petroleum e t h e r : e t h e r 
(45:1) yielded (CLXXIII) as sol id compound wtiich was r e c r y s t a l l i z e d 
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from methanol (400 mg) (m.p. 128-129°G). 
Ana lys i s JFoimd : G, 76 .99 ; H, 1 0 . 7 7 / . 
C27H^5G10 r e q u i r e s : C, 76.9 ; H, 10 .7 / . 
I ' S - •'- ^')n,o^ I'^IO (>C=0), 740 cm"^ (C-Cl) 
N.M.fi.: 6 3.7 m(C3-aH; Wi = I8H25); 2.05 (G7-H2); 1.2l(C10-CH^); 
0 .75 (CI3-GH,); 0 . 9 6 , 0 .85 and 0 .81 ( o t h e r methyl p r o t o n s ) , 
F u r t h e r e l u t i o n wi th l i g h t pe t ro leum e t h e r : e t h e r ( 1 5 : 1 ) 
f u r n i s h e d n o n - c r y s t a l l i z a b l e o i l (0LXXI7) (500 mg). 
Ansays is Pound : G, 76 .99 ; H, 1 0 . 7 7 % 
G 2 Y H . ^ C 1 0 r e q u i r e s : G, 76.9 ; H, 10.7 ' / . 
I-R- : Nn,«^ 5400 ( -0H) , 740 cm"^ (G-Cl) T) max. 
N.M.R.: 6 2.63 (0 -H) , exchangeable w i t h D2O, 4 .51 b r , m( C6-pH; 
¥ i = SHz); 3 .4 m(G3-aH; W^- = 9Hz); 2 .43 (G20-H; a l l y l i c 
p r o t o n ) , 1.3 ( 5 ^ - 0 1 ^ ) , 1.15 (I4p-CH^), 0 .85 and 0 .96 
( o t h e r methyl p r o t o n s ) . 
F u r t h e r e l u t i o n with pe t ro leum e t h e r : e t h e r (10 :1 ) f u r n i s h e d 
n o n - c r y s t a l l i z a b l e (OLXM) (450 mg). 
A n a l y s i s Potind : G, 7 6 . 9 9 ; H, 10.77 ' / , 
G2YH45GIO r e q u i r e s : G, 76.9 ; H, 10,1*/, 
I . R . : j)iag^^ 3400(0H), 740 cm-^ (G-Cl) 
N.M.R.: 6 2 .63 (OH), exchangeable w i th D2O, 4 .53 br ,m (G6-pH; 
Wi = 9Hz); 3.36 m(C3-aH; Wi = 8Hz); 1 .18 a(5^"0E-^); 
0 .78(G18-H, ) , 0 .96 and 0 .86 ( o t h e r methyl p r o t o n s ) . 
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Fur ther e lu t ion with petroleum e the r : e t he r (1:1) yielded 
(CLXXVI) aa sol id compound which was r e c r y s t a l l i z e d from methanol 
(500 mg) (m.p. 118^0). 
Analysis Found : C, 75 .51; H, 1 0 . 5 1 ' / 
G^rjE^^FQlO r equ i res : G, 75.5 ; H, 10.5% 
I . a . J ^ ^^^ 5400(-.0H), 740 cm~^ (halogen) . 
N.M.R. : 6 2.63 (-0H), exchangeable with B^O; 4.2 m(C6-^H; 
¥i = 4H?;); 3.85 m(C5-aH; ¥ i = 17Hz); l.Ol(OlO-GH^); 
0.66(018-H,)i 0 .93 , 0.85 (o ther methyl p ro tons) . 
Reaction of 3B-acetoxy-5.6a-epoxy-5Q:73tigmastane (OLXXII) k i t h 
boron t r i f l u o r i d e e thera te 
5p-Acetoxy-5,6a-epoxy-5a-stigmastane (Ca:iXXIt)(4 gm) in 
benzene (280 ml) was t r e a t e d with BF^:Bt20 (4 ml) and kept at 
20°C for 7 minute a t room temperature. The so lu t ion was poured 
in to NaHGO^  so lu t ion and the mixture was d i l u t e d with e ther and 
shaken. The e the rea l so lu t ion was dr ied over anhydrous sodium 
sulphate . Evaporation of the solvent gave an o i l which was 
chromatographed over s i l i c a g e l (80 gm). Elut ion with l i g h t 
petroleum e ther : e ther (25:1) gave (CLXXVII) as so l id oompotind 
whidti was r e c r y s t a l l i z e d from p e t r o l (600 mg) (m.p. 120-122°C). 
Analysis Found : G, 78.74; H, 11.09% 
*^31^52^3 ^®<l^i^es *• C!» 78.7 ; H, 11.O^, 
I .R. : j)iflax. ^"^^^^ ^^^° (-O-B-CH^), 1705 cm~-^(>C=0) 
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N.M.R. : 6 5 .1 m(C3-aH, Wi =17'Hz); 2 .01 (O-G-CH^); 0 . 9 3 , 0 . 8 3 , 
0 .73 and 0 .63 ( o t h e r methyl p r o t o n s ) . 
F u r t h e r e l J i t ion wi th l i g h t pe t ro leum e t h e r : e t h e r ( 1 0 : 1 ) 
f u r n i s h e d a n o n - c r y s t a l l i z a b l e o i l (400 mg). 
A n a l y s i s Pound : G, 78 .74 ; H, 1 1 . 0 9 / 
^31^52*^3 ^6^^i^®3 • Q» 7 8 . 7 ; H, 11.0'/ . Q 
I-R- : xn,^^ 3400(-0H), 1725, 1240 cm"-"- (-0-G-GH^) 
N.M.R. : , 6 3.48(-0H) exchangeable w i t h D2O; 5.06 m( G3-aH; 
Vi- = 8Hz); 3 .21 (C6-pH, Wi = SHz); 2 .01 s(-O-C-CH^); 
2.45 (C-20 a l l y l i c p r o t o n ) , 1.12 (5p-CH^), 0.93(l4p-GH5).., 
0 . 8 6 , and 0 .82 ( o t h e r methyl p r o t o n s ) . 
E l u t i o n with l i g h t pe t ro leum e t h e r : e t h e r ( 5 : 1 ) y i e l d e d 
(GLXXIX) as s o l i d compoimd which was r e c r y s t a l i i zed from methanol 
(GLXXIX) (500 mg). 
A n a l y s i s Potind : 0, 78 .74 ; H, 11.04*/. 
^31^52^3 ^®<l'^i^®s ' Q» 7 8 . 7 ; H, 11.0/^. 
I - S - J c^r.^^ 3400(-0H), 1730, 1240 cm""'- (-0-C-CH,) ymax. J 
N.M.R. : 6 3.48(-0H) exchangeable wi th D2O; 5 .01 m(C3-aH; 
Wl = SHz); 3 .23 m(C6-pH; Wi = 9Hz); 2 .01 s(0-C-CH3), 
1.12 (5p-QH5), '0.78( 'e-Lg-H3), 0 . 9 2 , 0 .86 and 0.82 
( o t h e r methyl p r o t o n s ) . 
- 69 -
E l u t i o n with l i g h t pe t ro leum e t h e r : e t h e r ( 1 : 1 ) y i e l d e d 
(GLXXX) as an o i l y compound (500 mg). 
Ana lys i s Pound : C, 75 .27 ; H, 1 1 . 0 1 % 
^31^51-^°3 ^ e ^ ^ i ^ e s '• ^* 7 5 . 2 ; H, 11.0*/. 
^ •^ - • ^)max. 3400 (OH), 1730, 1240(-0-C-C!H5), 740 cm~^ (C-F) 
N.M.R. : 6 3.48(0H) exchangeable wi th D2O, 4 .2 m(G6-KH; 
Wi = 4Hz); 5.Hn(C3-aH; Wi = 17Hz); 0 . 9 5 , 0 . 8 3 , 0 . 7 3 , - 0 . 6 3 
(methyl p r o t o n s ) . 
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